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The intent of this paper is to present a scaling technique

known as magnitude estimation scaling and illustrate its use in

needs assessment studies. This work was done at and supported

by Stanford Research Institute. It was based on earlier work

at the institute conducted by Ur, Ter Meeland. A limited number

of copies of the full report of this project are still available

and can he obtained by contacting Dr. Philip Sorensen, SRI,

333 Ravc!nswood, Menlo Park, California 94025. Ask for Patron

Assessment of School Objectives for M School , July 13, 1973.

Currently, there is little utilization of this scaling

technique in educational research. However, since the 1940's,

considerable effort has been expended in the area of psyChophysical

research to develop scales involving the various senses. Most

noteworthy previous work was the development ofthe decibel scale

in the area of hearing.' Recently, arguments. claim that the

procedures used in psychophysics,2 including cross-modality

matching, show a remarkable consistency when applied to such

diverse phenomena as preferences for watches,3 occupations,`)

odors,5 the importance of monarchs,6 the degree of frustration

and aggression in a military setting, 7 and the scaling of

seriousness of delinquent offenses.

The essence of magnitude scaling is contained in the

proportionality that is judged to exist among the various items

under consideration. Whereas category (or confusion) scaling



requires the assignment of an item to one of several categories

(7, 9, or 11, typically) assumed to be spaced equally along a

continuum when in fact they arc not, magnitude estimation scaling

requires the assessment of the amount above or below the standard

that an attribute of an item has. Naturally, the standard (or

reference) item and other items arc presented in random order

to avoid any systematic influence on the outcomes. Furthermore,

item weights are computed on the basis of geometric, not arithmetic,

means since it has been observed that the variability of magnitude

estimations tends to increase in proportion to the magnitude and

that the distributions are log normal .2 If magnitude estimation

scaling results are compared with category scaling, a curvilinear

relationship is observed which vanishes when log-log coordinates

are used, indicating the presence of a power function.

Other than for psychophysics, the most extensive use of

magnitude estimation scaling occurred in a three year study of

crimes reported by Sellin and Wolfgang in which the judged

seriousness of crimes was established and additive weights for

various crimes were developed. 8 Recently, the technique of magnitude

estimation scaling was applied by Meeland and Kaplan in the realm

of insurgency to define the judged seriousness of terrorist-

initiated acts of violence and the importance of the counter-

9
insurgents' suppression activities.

In spring 1973, SRI queried the several State Departments

of Education asking for instruments and guidelines used in needs
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assessment and schools involved in needs assessment programs.

Responses from nearly forty states and several cities within

these states were received by mid-April, 1973. A perusal of the

responses indicates that development of tools and procedures

lags the demand for these procedures. There is a need for

procedures based on a uniform core of educational objectives

which provide information for all decision levels within a defined

area and yet which maintain some flexibility so that each school

can secure adequate information suited to the local needs.

In an effort: to develop such procedures, SRI cooperated

with administrative faculty and parents at M school in a

needs assessment study. M school is a primary school consisting

of grades K through third.

SRI provided a committee of faculty and parents with a set

of statements of educational objectives that were designed for

elementary school. The committee was free to alter this list in

any manner that it sodesired. Since the third grade is the top

grade in this school, the committee chose to. make several changes

by deleting some objectives, rewriting most of the others so

that they were appropriate for the limited grade range of the

school, and adding other objectives as they saw fit. SRI made .

a limited number of editorial changes in the statements of

objectives to made them more behavioral in nature and consistent

in style. Care was taken So as not to change the intent of the

objectives. The final statement of objectives as produced was
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submitted to and approved by the committee.

The following is an out of the objectives covered,:

I. Reading

I. Appreciation

Skill

3. :Inderstanding

1I. MathemaCcs

1. Skill

2. Utilization

III. Language Arts

1. Usage

2. Listening Skills

3. Speaking Skills

4. Writing Skills

5. Study Skills

IV. Affective

1. School Attitude

2. Self Concept

3. Outside Interests

4. Achievement Motivation

5. Personal Temperament

G. Attitude, Social

7. Attitude, Ethnic

V. Health Physical Education

1. Health, Safety
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2. Physical Education

3. Sportsmanship

VI. Cognitive

1. Knowledge

2. Undor!;tanding

3. Application

4. Problem Solving

5. Creativity

6. Judgment

VII. Science

1. Earth Science

2. Biology

3. Biology, Drugs

4. Physical Science

VIII. Social Studies

1. Family Life

2. Anthropology

3. Ecology

4. Economics

5. Geography

6. History

7. Employment

IX. Art

X. Music

XI. Foreign Language



The major groupings of these objectives and the one or two

word identifier associated with each objective were provided

by SRI after the data for this report were collected. This was

clone to facilitate data reduction and reporting, and could not

influence the respondents' reactions to the objective.

The style in presenting each objective is illustrated by

the objective for reading appreciation.

UPON COMPLETION OF SCII001, (3RD GRADE) , IT IS DESIRABLE
THAT AS A RESULT OF SCHOOL OST CHILDREN

Have an appreciation for reading.
Examples (they do at least some of the following):

Select reading materials to read for enjoyment.
Select reading materials for study.
Use reading as a way to solve a problem.
Read in order to learn how to do something new.
Read to learn about current events.

The final instrument included a cover statement from the

principal, directions for rating the objectives, and a brief

one page questionnaire. One unique aspect of this instrument

was that the listing and printing of the objectives was done

under computer control. For each printing, the order of the

objectives was randomized. In all probability, no two parents

in the population received the objectives in the same order.

This procedure also randomizes the reference items since the first

item in the list is the reference item for each respondent.

The materials were assembled with enough materials for two

respondents in each package. One package was sent home with the

oldest child from each family. Consequently, all third grade
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students took home one packet. All other students in grades

kindergarten through second, took home one packet only if they

did not have an older sibling in the same school (e.g., if a family

had a child in kindergartt:n and one in second grade, the second

grade child took a pachtt home but the kindergarten child did

not). The committee had decided that respondents should not he

identified so individual form numbers were not recorded. Form .

numbers, by classrooms in which the packets were passed out, were

recorded. .Consequently, each respondent could be associated

with the grade level containing the oldest child from a given

family.

In the scaling procedure known as magnitude estimation

scaling, the concern was not with the absolute value or ranked

position assigned each objective by the respondent, but was with

the ratio of the distances between the ratings of each objective

by each respondent.

Each respondent assigned a value to each objective by comparing

each-objective to a randomly selected reference objective which

was assigned a value. For example, the randomly assigned objective,

V-2 Physical Education, had an assigned value of fifty. The

respondent compared all other objectives to this one. If a given

objective was judged twice as important by the respondent, he

assigned it a value of one hundred. If he judged it was one half

as important, he assigned a value of twenty-five. If the respondent

thought reading skills, objective 1-2, was three times as important,
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he assigned the value of one hundred fifty to that Jbjective.

It was desirable that the reference objective was randomly

selected for each respondent. It did not matter if the same

value was assigned to each referent, ,however, in this study a

value of fifty was assigned to each. It was essential that the

respondent express the relative importance of each objective as

it related to the referent. The average Of these relationships

was best expressed by computing the geometric mean of the values

assigned each objective by all respondents. These geometric

means not only expressed the rank position of each objective but

the relative distance between each objective. An objective with

a geometric mean of 64 was judged to be twice as important as

an objective with a geometric mean of 32.

Lack of time and funds have prevented us from doing all

statistical procedures that are of interest to this project.

For example, we do not report statistical significance of observed

differences. Moreover, there is no attempt to interpret these

findings as a sample of a larger population. This is, rather,

a description of the responses of a total population defined as

parents of children in M school who responded to this survey.

Over Sn of available parents responded.

Apparent practical differences were important to those

concerned with school policies and programs. These practical

differences can be defined as differences that could influence

school policy. Such differences can only be judged by policy
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makers when all influencing factors are considered (1.0., budget,

staff). Other differences were of interest but had little to

do with policy. For example, female parents rated reading more

than SW6 higher than did male parents. Such knowledge may help

in dealing with parents but may be of little value in curriculum

planning. However, the fact that parents rated language arts 2o%

higher than did faculty may have significant implications.

The limitations of this paper do not permit presentation of

the tabular data. HoWever, some of the figures derived from these

data will be presented for illustrative purposes.

Since the faculty was a small group (fifteen), it was not

further subdivided. The parents comprised a much larger group of

over throe hundred respondents and was subdivided on variables

such as sex, age, years of education or various perceptions about

the educational scene.

A statistic labeled "Special Emphasis Value" was compiled.

The first item on the questionnaire asked the respondent "...above

what number do you consider the objectives so important that the

objectives should be given special emphasis at M school?"

The objective evaluation score was computed for this item. The

companion item on the questionnaire seeking those items of little

Or no value is not indicated in this report. The values here

were so low that in all cases, all objectives were above this point.

Apparently all objectives have some value for M school.

It is known that the plot of the raw data collected from



-10-

the respondents is curvilinear in nature and that the logarithms

of the responses is most nearly linear in nature. Therefore, the

standard deviation of the logarithms was computed for each population

category as the appropriate statistic to express spread or dispersion

of the' scores. 'ilea spread in the scores is related to the level

of agreement among the members of a group. if all members of a

group agree on a score placement, then the spread will be small'.

A low standard deviation indicates a high level of agreement among

respondents and conversely, a high standard deviation indicates

a relative lack of agreement among the respondents. The two groups

of greatest interest to this report are faculty and parents total.

For these two groups, the mean and the standard deviation of the

agreement scores were computed with the following results:

Mean S. D.

Parents .539 .090
Faculty .451 .202

The difference between the two means was not statistically

significant (t.1.69). We cannot conclude therefore, that the

faculty were in closer overall agreement than were the parents on

the evalw.ation of the full set of objectives.

Two types of figures were prepared from the data. In the

first set, all objectives were displayed for major subsets or

respondents. Figure 1 shows how all parents evaluated all objectives

and figure II presents similar data for faculty.

In all figures, the mean for the objectives in each classi-

fication is indicated by a crossbar. The crossbar represents the
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value for the major bonding. The objectives are grouped under

the major headings and arc keyed to the listing presented earlier.

The major headings are arranged in descending order as evaluated

by total parents. This order is preserved in other presentations.

The broken lino indicates the special emphasis value as determined

by parents.

Figure I shows how total parents evaluated all forty

objectives. Reading objectives arc clearly the most important

with reading skill being the highest ranked of all objectives.

Mathematics objectives, as a group, rates a close second .with

mathematics skills ranking second only to reading skills.

Language arts objectives', as a group, rates next. The third

ranked single objective, however, is "self concept" in the

affective group. Two of the objectives in the affective group,

3 (outside interests) and 7 (attitude, ethnic), arc'far below the

others. Self concept is judged as nearly twice as important as

either of these two. Except for these two low ranking objectives,

the affective group would have ranked higher than the language

arts group. The other major categories in descending order are:

V Health--Physical Education, VI Cognitive, VII Science,

VIII Social Studies, IX Art, X Music, and XI Foreign Language.

Several objectives are abol,c the broken line. These were

judged by the parents as deserving special attention and include

the following:



'Reading

1. 'Appreciation

2. Skill

3. Understanding

Mathematics

1. Skill

2. Utilization

III. Language Arts

1. Usage

2. Listening Skills

3. Speaking Skills

S. Study Skills

IV. Affective

1. School Attitude

2. Self Concept

4. Achievement Motivation

S. Personal Temperament

6. Attitude

V. Health and Physical Education

1. Health, Safety

3. Sportsmanship

Figurell shows how the faculty responded to the total set

of objectives. It is clear that although the pattern is similar

to parents, there are some distinct deviations from the pattern

resulting from parent responses.

The special emphasis value is nearly the same for faculty and
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parents but the objectives included within this area are different.

The faculty would exclude from special emphasis:

Reading 113 Understanding

Language Arts ill Usage

Language Arts #5 Study Skills

Physical Education #1 Health and Safety

The facilty would include Cognitive 115 (creativity) as deserving

special attention.

The second type of figure demonstrates how particular

sub groups respond to particular objectives. The responces

to the reading objectives are presented here for illustrative

purposes.

Figures II1 through IX show plots of objective evaluation

scores for reading. Objective ll2 (skill) ranks highest for all

groups. For most all parent groups, the "skill" objective is

considerably higher than the next ranking reading objective.

For total parents, Reading #1 (appreciation) ranks more than 200

lower than Objective #2 (skill). Only the faculty (Fig. III)

and parents who did not graduate from secondary school (Fig. V)

rate appreciation nearly as high as skill.

Figure III shows that males rate reading more than one-third

lower in evaluation score points than do females. In Figure IV,

it will be noted that older parents place increased value on skill

and appreciation but not on understanding. The young parents (those



-1 6 -

F Erare ii) HEAP]: NG Oi?,L1:;C 'LIVE

05

011.1F.C. TI F

1. headirv,

IC) MI, PA. Y AC3..

3..Appr,:.ci ti.c.,n

2. Ski 11

5 3 . Unfic rs tarrli

70

50

40

EV ALI.; A 1.70N SCORES

PitREN is-ail) }JAREN 'PS -1".' Ev:A

100

90

85

I r)

(2_

50



-17-

-.1.gure IV iIG flCiTVE EVICJJA 1101; SGOit'ES

3

00

9

0:0 :

2

75
3 .U:v.!.;

70

05-

0

:)0

45

4

?AIM 1i JY AGE CRT P

103

00

90

70

05

GO

GO

ta,

-cs

cf)

4 :1

r-1
Cd

0
H
tn
4)

tra) tn
£-1 -
Cd

-(;)-



-18-

iure V FAi NO EVE EVALUA TION sc3i,,a;

PAREN 'IS YEARS OF ED.UCA TION

1 0

95

90

95

0i,71:r: 1:

33 7.

1, el a ti or.

2. St:-.7.11

75 3.)'r t:

70

65

60

50

45

40

c.r1
4)

(1)

F-I 4-1d
a., -

1* r--
,--1 4-1 t--I

Cld

4-) 4. 4.0 /....4 CN PT D
E-- ,--i 1-41 r--1 r-I

100

90

85

TA_

75

70

05

60

50



-1 9-

Figure VI READI NG ObJEC rIVE 1'.; VA LC A TION SCUP.ES

go

S

I. 1:c ziding

1.1.;Trccf...w..

2. Sk ; U.
75

70

Gb

GO

!-

Go

45

4D

PAREN EY FAMILY CO N FIGURA TI ON

Cl) 't)
g

g -o
1) ,--I
k ,--I o
ca o
a. o _, -o
r-1 C.) 0 Cli
cd f./)

1 I

4-1 0
O k-t^--- ea-- "2"-

L.

no_

9 0__

01

'75

70

65

GO

50

45

40



- 20-

Figure V RE/0:i :XI 0 C 'L'IVE EVA A VION SC3RES

PAREN IS AC 'IV I TY LEVEL IN SCEOOL AFFAIRS

]05

30. 3

00

1. Approvi a Lion

75
3 irlft n

'70

05

GO

50

45

3

d)
4-)
ci

"0o 0
-7-,

3 00

95

85

f I 0

'70

05

00

Sc)



100

9

- 21 -

pre V Li ::::_;A",1:1C: ;q1; I VL Evai., A 'LYON L.G3RES

T.3 GROU PED i hEIR PERCEP 'LIONS OF

Cr,":.C. Fr 'ES:

'7

'I;;)

05

60

1. Appre ci ti

3 .Urri rs

Q't*ALI T. OF EDUCA 'LION AT

4-)
0

Q.

(1)
a) I 4-) ,g

70 cti bp
0 0 --1

Cr

110

100

'IS

70

05

60



-22-

;;Ilre I X Ii:.A:).17:0", t();',C i :V LI, ::)Ct.)}!};:-;

PARI.:;11%; l'ERCEPTI31,1 Oi.'

A IT:I: IUI)h CI{ TrIliti.:21

1. Run

2.

65

63

50

45

4 3

-o-
CD

4-1

4-)
f-i 4)

CD F-1 4.)e
C4 0 0 0

300

9()

85

7

65

60

'0

45



-2:i-

:1.11 their twenties) are the only subgroup or parents who valued

understanding above appreciation. In general, the following

parents tend to rate reading higher than other parent groups:

Females (Fig. 111), older parents (Fig. IV), parents with some

post secondary school (Fig. V), parents with older children in

school (Fig. VI), parents active in school affairs (Fig. VII),

and parents who are dissatisfied with the quality of education

(Fig. VIII) . Almost all parent groups except fathers (Fig. HI)

and people not active in school affairs (Pig. VII) rate reading

higher than does the faculty (Pig. 110.

I have presented one other Figure to illustrate how striking

some information may appear. The parents added one objective on

drugs to the science group. The behaviors listed were:

Describe some effects and results of drugs such as aspirin,

caffeine, alcohol, or tobacco.

Know how to make a decision about when to take medicine

and from whom.

Figure X indicates how parcir.s and faculty responded to

all science objectives. The curriculum implications in this

information seems self evident.

There are certain relatively consistent response patterns

that become evidcw- as the various subgroups in the population

are examined. For example, faculty ratings are slightly lower than

those for total parents. However, male parents usually gave

slightly lower ratings than faculty ratings.. Female parent
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ratings are substantially higher than male ratings. There were

about forty more females than males in the sample. if parent

total had been a weighted average of parent-male and parent-female,

the faculty and parent teal score would have been somewhat closer.

Parent eValuations, whenoxmli.ned by age groups, present a

consistent pattern. There is a slight drop in values from the

twenties tu the thirties followed by a significant rise through

the forties and fifties and older age groups.

The trend in objective evaluation scores, as plotted by

years of education, presents a confused picture of erratic

relationships. In terms of years of education, the score values

drop from the eleven years or less category to the twelve years

category, then take a significant rise for the thirteen, fourteen,

fifteen years category, and drop again for the sixteen, seventeen

years of education group. It may be that these groups are

confounded by variations in age or sex membership within the

groups. The data would permit such an analysis but it has not

been undertaken.

Parents with older children in the family rate most objectives

higher than do parents with younger children in the family.

However, it may be that the difference observed can be accounted

for by age difference of the parents.'

Parents classified by activity level in school affairs do

not present a consistent response pattern across the various

objective groupings.
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Parents who rate the quality Of education as low are small

in number but deviate si, 'icantly From the rest of the group.

Not only do they place about 5Cro more emphasis on most of the

objectives, but in many cases they tend to place the objectives

in a different order or relationship. In language arts, they place

writing at the top of the language arts objectives, while other

groups place writing skills at the bottom of the list. In affective

objectives, they place objective 85 (personal temperament) and

84 (achievement motivation) at the top of the list, while other

groups assigned these objectives to a more central position.

In cognitive objectives, this group assigned the objectives

in a somewhat different order than the rest of the parents. In

science, they did not choose to emphasize biology-drugs as did all

other parent groups.

In social studies, this same group of parents would place

family life in fourth position while all other parent groups

selected the top position for family life. One is led to wonder

if this group thinks the quality of education is poor simply

because their viewpoint on what education-should be-is so different

from the rest of the population.

In general, parents who rate the attitudes of children as

'poor, tend to place a lower value on most objectives than total

parents. By contrast, parents who rate the attitudes as outstanding,

tend to assign higher values to the objectives.
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